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Perturbations of cell proliferation and death are cons.dered 
r^ntial events in the process of carcinogenesis. Thus, 
Z^^^Snm^ decarboxylase (ODC), an enzyme 
Sy reTated to cell proliferation transformation and 
ntntic ohenomenon are profoundly modified. Using 
SH^STlbryo (SHE) cells, we have examined 
n^he framework of two-stage carcinogenesis —n 
thP pffects of a non-genotoxic [diethyinexyi 
SS mC genomic [benzo[alpyrene (BaP)] 

SEES £S ^ -e also invesUgated foUowing 
two-stage exposures. Whereas exposu re * * »a£ D ™ ^ ° r 
AP alone did not provoke any mod.ficat.on of ODC act.v.ty 
The ohorbol ester, 12-0-tetradecanoylphorbol-13-acetate 
TPA) Tronglv increased it. Using two-stage exposure 
Socol xenobiotics first, then replacement by TPA-pro- 
Ser), the ODC activity was 

with TPA alone. This super.nduction of ODC _ activity wa 
observed only with the carcinogenic compounds DEHP and 
BaP Following the same exposure protocol, spontaneous 
celLr apopJsis was decreased. Furthermore, Bcl-2 onco- 
pr tein was'also upregulated approximate y 8- and * 
for BaP and DEHP respectively; meanwhile Bcl-x L protein 
rate did not change. The non-carcinogenic compound AP 
ithtlv inhibited spontaneous SHE cell death without 
DC super nduction. Exogenous polyamines, putrescne 
snermidine and spermine diluted in the medium did not 
E t spontaneous apoptosis. Although inhibitor , of 
aoootosis was not specific of carcinogenic compound, both 
s^fuStm of 0 P DC activity and inh^tion o^pto» 
via Bcl-2 upregulation, may cooperate during early stages 
of the carcinogenic process. 



Introduction 

Di(2 ethvlhexyDphthalate (DEHP*) is a well-known agent 
u d n pSn5chlor.de (PVC) industry for its plastic>z,ng 
' pacUies the compound is not covalently linked to plastic 
Polyn 1" and can be released in the env.ronmen when 
manufacturing plastic products, when they are used and after 



12.0-lctradecanoylphorM-l-Vacctatc ^. DHN diet hvlnitros- 

camptothecin; GOT, ganimaghitamyMransptptHlast. 

amine. 



disposal ( 1 ). Th,s pollutant was detected >n hpophihc solutions 
in some blood preparations preserved in plastic bag s and 
a case of inhibition of human platelet function by DEHP 
contaminant has been reported after transfusion (2.3> The 
nl ost important risk related to DEHP was « rf the 

rE^f SSTcf - ra5f and 
B C3F1 increased the percentage of 

both sexes (4). ^^^SS wl^Ty 

mutagenic potential. This non-genotoxicuy 

mutagenic studies with Salmonella typhi strains TA98 TA 

KM) TA1 5 35 TA 1 537 , TA102, with L5 178Y mouse lymphoma 

SlnYwithD^p^ 

also obtained with a rat hepatocyte micronucleus assay (5) 
w th ra « and hamster hepatocyte DNA damage s udies nd 
eenotoMcity in vivo studies with Syrian golden hamster (6). 
?s dlribed for some hypohp.dem.c drugs that mduce : peroxi- 
some proliferation, DEHP is listed ,n a specia class of 
carcinogens: peroxisome prohferator tumor promoters (PPs . 
I two-stage carcinogenesis mode. 0^^— ^ 
non-genotoxic chemicals were cons.dered for a long time to 
be act at the promotion stage. At present this concept does 
not Prevail several non-genotoxic chemicals are able to induce 
2Tin rodents (7). Inthe two-stage SHE cell 
.ssav some of these chemicals such as chlordane, a pesticide, 
; d y onbrTt e e a hypolipidemic drug, were active at the miration 
stage of the transformation process (8,9). In _short-t rm^nd 
,ong-term rodent liver assays 

renorted concerning the mode of action of DEHP. Long term 
a P d,es whh femalfrats showed that DEHP was negative ^ 
promotional activity (10). This was conhrme d m short term 
assays that evaluated hepatocellular altered foe, in he rat 11 
H) On the other hand, these in v.vo assays did not demon^JJ 
any initiating activity of DEHP. Therefore ,t .s thought that 
DEHP may act as a complete hepatocarcinogen 

One major feature observed in cancer cells is the dysregul 
ation of specific enzyme systems ™* this fact in mmd^h 
rok of ornithine decarboxylase (ODC, EC tAA.VL 53JDa 

^meof rS me^ti;^ o/polyamines, which are 
S " iori ^Sp^ents closely related to cell proliferation 
S ODC activity increased in various human and tnamm han 
i nsi^ In colorectal carcinomas ODC level 

" Jin at t —as, and far higher than that 
c^ervedin normal mucosa (17). Some relat.onsh.p was 
observed between a high rate of ODC and neoplastic ^ 
formation in vitro. ODC activity strongly increased in Nemalite 
transformed SHE cell line. SHE-Tr (18); the transforming 

X;Sh:=;^ 

111 transformation rate (20-22). In transgenic rmo o . 
expressing ODC. the frequency of spontaneous skin tumors also 
leased (23). In relation to oncogene expression, products of 
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c-myc and c-fos oncogenes have been shown to be transcrip- 
tional factors of ODC (24,25). In contrast, blocking endogenous 
ODC by inhibitor or by using antisense ODC-RNA prevented 
NIH 3T3 cell transformation induced by src oncogene. ODC 
may intervene in the signaling pathway of various oncogenes, 
which might intervene in increasing tyrosine phosphorylation, 
especially of ppl30 CAS substrate (26). Inhibition of ODC 
metabolism by the drugs, alpha-difluoromethylornithine and 
eflornithine has been studied in cancer chemoprevention. These 
drugs were also used in clinical trials to improve anticancer 
chemotherapy in association with polyamine deprivation 
(27-29). 

In cancer research, the dysregulation of cell proliferation 
has long been the major mechanistic exploration until the data 
reported by Kerr et al (30) that described the physiological 
process of apoptosis. This phenomenon of active cell death 
was involved in embryo development and could be implicated 
in various human diseases such as neurodegenerative disorders, 
infectious diseases, heart diseases and cancer (31). Apoptosis 
was tightly regulated and several molecular factors intervened 
inside and outside the cell to control the programmed cell 
death pathway. Some proteins such as Myc, AP-1, transcription 
factors, wild-type p53 and Bax were able to induce cell death. 
Others such as Ras, Raf, pRb, Bcl-2 and Bcl-x L prevented 
cells from undergoing apoptosis. However, the molecular 
regulation of cell death was far more complex. Internal 
rheostats such as Bcl-2/Bax or Bcl-x L /Bcl-x s ratios could 
intervene in promoting or repressing apoptosis as well (32). 
In cancer development, it is postulated that inhibition of 
apoptosis may help initiated cells to escape cell death and 
acquire a tumorigenic phenotype (33,34). 

Within the framework of the two-stage carcinogenesis, we 
have studied the mode of ODC induction in stage-exposed SHE 
cells to the carcinogens DEHP and 12-0-tetradecanoylphorbol- 
13-acetate (TPA). In comparison, the same exposure protocol 
was used with genotoxic carcinogen benzo[a]pyrene (BaP) 
and with phthalic anhydride (AP), a non-carcinogenic deriv- 
ative. The results show that ODC superinduction is regularly 
obtained after stage exposure of SHE cells to carcinogens. This 
correlates with inhibition of apoptotic rate and upregulation of 
Bcl-2 oncoprotein in these cells. 

Materials and methods 

Chemicals and reagents 

Di(2-ethylhexyl)phthalate, phthalic anhydride, BaP and polyarmnes (putres- 
Line, spermidine, spermine) were purchased from Sigma (France), 12-0- 
tetradecanoyIphorbol-13-acetate (TPA) from LC Services Co, Wobum (MA) 
and l-( 1- I4 C] ornithine from Amersham (UK) Cell culture medium (DMEM) 
from Gibco BRL- Europe (France) and fetal calf serum from Hyclone Europe 
(Belgium). Polyclonal anti-Bel- 2 antibody (Ab2 clone) and anti-Bcl~x L anti- 
body from Calbiochem (USA) and anti-rabbit IgG peroxidase conjugate from 
Sigma (France). Other chemicals are of RP grade. 

Cell cultures and treatments 

In this work, we used primary cultures of Syrian hamster embryo (SHE) cells. 
These are representative of normal diploid cells, genetically stable, have a 
linite lifespan in culture and are capable of activating a wide spectrum of 
chemical carcinogens. These cells are extensively used in SHE cell morpho- 
logical transformation assays and are a useful method for detecting the 
i arcinogenic potential of chemicals (35,36). Its sensitivity was highly increased 
by the adoption of a two-stage protocol (initiation-promotion) (37). Primary 
cell cultures were prepared from 13-day-old golden Syrian hamster embryos, 
as described by Pienta et al. (38) modified by Elias et al. (39). In preliminary 
experiments, the first cell batch was tested for its capacity to develop 
transformed colonies in the presence of 4 uM of BaP in a morphological 
transformation assay. Positive cell batches were stored in liquid nitrogen. 
Only early diploid cell passages were used in the present study. 



For the ODC activity assay, the cells (2 vll) 4 ) were seeded into 12- well 
culture plates in DMEM medium, pH 7.4, supplemented with 15% fetal calf 
serum. At 72 h later they were submitted to chemical treatments as previously 
described (40). Different treatment protocols were used to determine optimal 
time of exposure and optimal doses of each chemical. In the two-stage 
protocols we explored (i) the modulatory effect of DEHP, AP and BaP on 
TPA-indueed ODC activity, and (ii) changes ot ODC activity after cell pre- 
exposure to these chemicals (initiation stage! and to TPA. The same treatment 
protocols were used in the studies of the effects of chemicals on cellular 
apoptosis. 

Assay of ODC activity 

< )DC activity was determined in cell cultures by measuring the l4 C0 2 released 
fn>m 14 C-labeled L-ornithine as described < 40 1. Briefly, lysed cell cultures 
were incubated at 37°C, in 50 mM Tns-HCl buffer, pH 7.5, 40 mM pyridoxal 
phosphate, 2.5 mM dithiothreitol, 0.4 mM L-ornithine Icontaining l4 C-labeled 
I -ornithine at 0 1 ^Ci (3.7 kBq)] to make a 0.4-ml final volume. After 1 h of 
incubation the enzymatic reaction was stopped by injecting 50 (il 2 N 
perchloric acid and the incubation was continued for another hour. The Re- 
labeled C0 2 released was entirely adsorbed onto a filter disc (Whatman GF/ 
C) and the radioactivity determined by liquid scintillation counting (Beckman 
counter LS-6(KX)-TA). Protein concentration was measured according to 
Bradford's mieroassay (41) using a Labsystems Muftiskan MS microplate 
reader. Statistical analyses were performed using Student's f-test. 

Determination of apoptosis 

The basal apoptosis was determined by quanti nidation of the cellular DNA 
fragmentation using the Boehringer Mannheim kit This assay is based on the 
quantitative sandwich enzyme immunoassay principle using two mouse 
monoclonal antibodies directed against DNA and brom od e ox y uridine (BrdU), 
which allows the specific detection and quantification of BrdU-labeled 
DNA fragments. 

The assay was processed as described by the manufacturer. Briefly, SHE 
cells were labeled with 10 fiM BrdU overnight Then, they were collected, 
seeded at 5 <10 4 cells per well and treated with chemicals. After treatment, 
the cells were lysed, centrifuged and an aliquot of the supernatant containing 
apototic DNA fragments was transferred to an anti-DNA (MCA-33 clone) 
pre-coated microliter plate for one night at 4'C After washing, the immuno- 
c omplexed BrdU- labeled DNA-fragments were denatured and fixed on the 
surface of the microtiter plate by microwave irradiation In the next step, anti- 
BrdU peroxidase conjugate (BMG 6H8 clone) was allowed to react with 
BrdU incorporated into DNA. The amount of peroxidase was determined 
photometrically with TMB substrate at 450 nm with background subtraction 
at 6 L *o nm Statistical analyses were performed using Student's r-test. 

In order to corroborate the presence or absence of apoptotic cells, each well 
was carefully screened by phase contrast microscopy before apoptotic measure. 

Jmmunoblotting 

Treated SHE cells <4> 10 6 ) were scraped in ice-cold hsis buffer (containing 
50 mM Iris. pH 8.0. 200 mM NaCK 0.1 <T« SDS, U< Triton X100, 1 mM 
EDI A and 0.2 mM phenylmethyl-sulfonylfluonde). After 30 min of ice-cold 
intubation, insoluble materials were removed by 15 mm of centnfugation at 
10 000 r.p m Protein concentrations were measured using Biorad DC 
protein assay and 60 u:g proteins per sample were subjected to 15% SDS- 
polvacrylamide gel electrophoresis. The proteins separated in the gel were 
transferred to apolyvinylidene difluoride membrane (Polyscreen PVDF transfer 
membrane, Dupont NEN, USA) by electroblotting (15 V, 4-4 c C, overnight) 
1 42) All the following steps were performed at room temperature. The PVDF 
membrane was firstly washed in Tris buffered saline containing 0.05 % Tween 
20 (TTBS. 20 mM Tris-HCl, pH 7.5, 500 mM NaCl and 0 05 ,v o Tween 20). 
In order to remove SDS, it was blocked with 5<i dry skimmed milk in TTBS 
for 2 h, After washing, the membrane was overlaid for 1 h with the first anti- 
Bi. 1-2 (Calbiochem, Ab-2 clone) antibody diluted m TTBS. Then the membrane 
was washed three times with TTBS and incubated for 1 h with the secondary 
antibody (antirabbit IgG peroxidase conjugate k Visualization of second 
antibody was performed according to the Renaissance chemi luminescence 
protocol (Dupont NE). Previous experiments with positive control MCF7 
cells, as indicated by Calbiochem, permitted a localization of the Bel- 
oncoprotein band. Owing to Dupont stripping membrane protocol, the same 
membrane can be probed with different antibodies. Similar experiments were 
performed with anti-Bcl-x L antibody (Calbiochem, Ab-1 clone) 

Results 

Effects of chemicals on ODC activity 

Preliminary experiments permitted the sequential order as well 
as the optimal time and doses of treatment to be determine 
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Fi p I Superinduction of ODC activity in SHE celK Mage-exposed to 
dip emv!hevyl»phihalate and TPA. The four first treatments consisted of 1 n 
with treatment medium alone (DMEM medium pH 7 supplemented with 
5** fetal .alt serum) then removal and replacement tor 5 h with medium 
0 lh uM TPA 100 uM DEHP or co-treatment iTPA *■ DEHP) respectively. 
For the tilth treatment of DEHP 1 h + TPA 5 h = P re-treatment with 
KXi uM DP HP for 1 h then removal and replacement tor 5 h with TPA. 
*Rc.ult Mcnifiianth different from control (P < 0n>>, **ODC stimulation 
sicniticantlv different from that obtained with TPA alone (P 0.05). 
Results are of triplicate determinations and a second experiment yielded 
similar results. 



for each chemical (data not shown). Treatment of SHE cells 
for s h with 100 jiM DEHP, 135 \iM AP or 0.4 [iM BaP alone 
did not change the rate of ODC activity, whereas the 5-h 
treatment with 0.16 [iM TPA increased the ODC activity from 
100';; to -250% (Figures 1, 2 and 3). Concomitant exposure 
of SHE cells to the drugs and TPA did not significantly 
modulate the effect of TPA on ODC activity. Surprisingly, 1 h 
pre-exposure to 100 uM DEHP or 0 4 [iM BaP followed 
by 5 h exposure to 0.16 \iM TPA treatment provoked a 
superstimulation of ODC activity: 71% and 35% respectively 
fur DFHP and BaP as compared with TPA inducing rate. 
Using the same protocol with 135 uM AP did not give the 
same superinduction as above. 
Effects of chemicals on SHE cell apoptosis 
In SHE cell cultures a small rate of basal apoptosis regularly 
takes place, which may counterbalance cellular growth by 
mitosis. Treatment for 5 h with 4.6 uJVl camptothecin (CAM), 
an inhibitor of topoisomerase I, as well as fetal calf serum 
withdrawal, induced apoptosis and the rate of cell death 
increased by approximately twofold. Exposition of SHE cells 
for the same time to 100 [iM DEHP, 135 \iM AP or 0.4 jiM 
BaP did not give any modification of basal DNA fragmentation 
(Table I). Using these chemicals in combination with serum 
withdrawal or CAM treatment did not significantly inhibit the 
induced apoptosis. On the contrary, using 0.16 uM TPA for 
5 h slightly decreased basal SHE cells apoptosis by 20% 
(Table II). With sequential treatments. 1 h pre-exposure to 
DEHR BaP and even to AP followed by 5 h of TPA exposure, 
«reatly decreased the apoptotic rate and the inhibition was 



TPA 0.16 
pM5h 



AP135 
^M5h 




Fig. 2. ( >l K' ;iLtivities in SHE cells after different phthalic anhydride and 
TPA treatments. The four first treatments consisted of 1 h of treatment 
medium .il.-no ■ DMEM medium pH 6.7 supplemented with 5% fetal cult 
serum) then removal and replacement for 5 h with medium. 0.16 pM 1 PA, 
MS uM \P «.r co-treatment (TPA + AP) respectively. For the filth 
treatment AP I h + TPA 5 h = pre-treatment with 135 LiM AP for 1 h then 
removal and replacement for 5 h with TPA. *Result significantly different 
from cmml i/> < 0.05). Results are of triplicate determinations and a 
second experiment yielded similar results. 




Control 



Fig. 3. Superinduction of ODC activity in SHE eells stage-exposed to 
benzol, ilpwene and TPA. The four first treatments consisted of 1 h ot 
treatment medium alone (DMEM medium P H 6.7 supplemented with 
fetal l.iII -crum) then removal and replacement for 5 h with medium al.-ne, 
0 16 uM I PA 0.4 fiM BaP or co-treatment (TPA 4 BaPi respectively hor 
the fifth treatment BaP 1 h ^ TPA 5 h = pre-treatment with 0.4 M M BaP 
for 1 h then removal and replacement with TPA for 5 h. ^Result 
signitwaiulv different from control (P < 0.05); **ODC stimulation^ 
siinilkantfv different from that obtained with TPA alone </' < 0.0m 
Result- are of triplicate determinations and a second experiment yielded 
similar lesults. 
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Table I. Effect of exposures to different chemicals alone on apoptosis of 
SHE cells 



Treatments 



Cellular fragmented DNA (AU) 



w/10^ FCS 



w/o FCS 



w/10% FCS 
w/CAM 4.6 uM 



Control 


100 




212 


•+- 


7* 


254 




33* 


DEHP 100 uM 


105 ± 


9 


203 




12 


219 




76 


AP 135 uM 


111 ± 


55 


200 


± 


95 


201 




43 


BaP 0.4 uM 


94 ± 


7 


203 




12 


264 




29 



Exposures to xenobiotics were performed either in DMEM pH 7.35 
supplemented with 10 <v c fetal calf serum (w/FCS) or in DMEM, pH 7.35, 
non-supplemented with FCS <u/o FCS) or in DMEM, pH 7 35, 
supplemented with I0 (7 c FCS and 4.6 uM camptothecin (w/FCS, w/CAM 
4.6 uM). 

♦Significantly different from control w/10% FCS ( <0.05). Result of the 
control w/FCS was set at 100 (arbitrary unit) and other results were 
expressed as compared with the control w/FCS. Results represent mean ± 
SD of quadruplicate determinations. A second independent experiment 
yielded similar results. 



Table II. Inhibition of apoptosis in SHE cells staged-exposed to DEHP, AP, 
BaP and TPA 



Treatments 


DNA fragmentation 
(OD mean ± SD) 


Fragmented DNA 
(AU) 


Control 


329.8 ± 18.8 


100 


TPA 0.16 |iM 5 h 


269.0 ±13 0* 


82* 


DEHP 1 h + TPA 5 h 


208.3 ± 30 8 ** 


63** 


AP 1 h + TPA 5 h 


209.8 ±15 0 ** 


64** 


BaP 1 h + TPA 5 h 


228.3 ± 18 3 ** 





Treatment medium: DMEM medium, pH 7.35, supplemented with 10% fetal 
calf serum. The 5-h control and TPA treatments were preceded by 1 h in 
medium alone. Stage-exposure of SHE cells consisted of a 1-h treatment 
with 100 uM DEHP, 135 n_M AP or 0.4 uM BaP then removal and 
replacement with 0.16 uM TPA for 5 h. 

*Cellular DNA fragmentation significantly different from control 
{P < 0.05 ); **cellular DNA fragmentation significantly different from that 
obtained with TPA alone (P < 0.05). Results are of quadruplicate 
determinations and a second experiment yielded similar results. 



20% more than that obtained with TPA alone. Since ODC 
superinduction was found to correlate with inhibition of 
apoptosis in SHE cells, we studied the effect of polyamines 
on apoptosis pattern. SHE cells were exposed to various doses 
of polyamines, namely putrescine, spermidine and spermine 
(10, 100 and 1000 |LiM). The compounds were diluted into the 
medium. After 5 h of exposure to polyamines, no inhibitory 
action could be obtained on SHE cells, even when the 
concentration of these agents increased to 1 mM (Table III). 

Modification of Be 1-2 and Bcl-x L proteins 
Using the same exposure protocols, we studied the effects of 
carcinogens on the rate of two proteins known to inhibit 
apoptosis, Bcl-2 and Bcl-x L . Bcl-2 oncoprotein increased 
by approximately threefold following 5-h of treatment with 
0.16 jiM TPA (Figure 4a), Sequential treatment with the 
carcinogen and TPA strongly increased this oncoprotein rate. 
With DEHP/TPA this proportion was -12-fold greater than 
the control, and it was 8-fold greater with BaP/TPA. The 
increase was 6-fold in the presence of the non-carcinogenic 
compounds AP and TPA. Unlike Bcl-2, Bcl-x L protein pathway 
appears not to be the target for carcinogen action. Stage- 
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Table III. Effect of exogenous polyamines (putrescine, spermidine and 
spermine) on spontaneous apoptosis of SHE cells 


Concentration 
(UM) 


Cellular fragmented DNA (AU) 




Putrescine 


Spermidine 


Spermine 


0 


!<m) t 6 


100 ± 6 


100 ± 6 


10 


4i ± 5 


101 ± 4 


93 ± 12 


100 


qg + 4 


90 ± 5 


118 i: 12 


1000 


l »5 ± 1 


91 ± 4 


90 ± 8 



Treatment medium DMEM medium, pH 7.35, supplemented with 10% fetal 
calf serum. Result of the control was set at 100 (arbitrary unit) and other 
results were expressed as mmpared with the control. Results are of 
quadruplicate determinations and a second experiment yielded similar 
results. 



(kDa) 
28,7 - 



20,5 - 




[4a] 



■Bcl-2 



34,9 




[4b] 



- Bcl-x L 



Fig. 4. Bcl-2 and Bcl-\ r immunoreactive proteins in SHE cells following 
two-stage exposures U> xenobiotics (BaP. DEHP or AP) and phorbol ester 
(TPA), (A) control; (Bi TPA 0 16 fiM 5 h; (C) 1 h 0.4 uAl BaP treatment 
then removal and replacement by TPA 0 16 fiM h»r 5 h; (Dt 1 h 100 \iU 
DEHP treatment then removal and replacement b\ TPA 0 Id |iM for 5 h; 
(E) 1 h 135 (iM AP treatment then removal and replacement by TPA 
0.16 MM for 5 h. 

exposure of SHE cells to these chemicals did not change the 
Bcl-x L rate as compared w ith the control (Figure 4b). 

Discussion 

Since the occurrence of apoptosis is a major event in cellular 
life, mechanistic studies of carcinogens have to take into 
account 'both sides of the growth equation' (43). The goal of 
this study was to explore what effects a non-genotoxic carcino- 
gen (DEHP), a genotoxic carcinogen (BaP) and a non-carcino- 
gen (AP) had on two opposite parameters that are often 
disturbed in the carcinogenic process, namely ODC and 
apoptosis. 

The results reported in this study show that one-stage 
treatment of SHE cells with non-genotoxic carcinogen DEHP 
regularly decreased ODC basal level, whereas promoter 
carcinogen TPA strongly stimulated this ODC activity. How- 
ever, pre-exposure of the cells to DEHP, e ven for a short time, 
potentialized the inducing effect of TPA on ODC activity. This 
ODC superinduction was obtained only with that two-stage 
exposure order: carcinogen -TPA. In contrast the same treat- 
ment protocol did not give any potentializing effect in tne 
presence of the non -carcinogenic derivative AP It is notewortny 
that the same pattern of ODC superinduction could be obtained 
with the genotoxic carcinogen BaP provided that the compoun 
was used in the initiation stage. In all cases reversing the stage ^ 
exposure order to TPA-carcmogen, resulted in an inhibit W^g- 
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of TPA induced ODC. The _ m^amsm of O^ 



P attem nd°uct 1 on in 'relation to stage-exposure of SHE cells to 
supennduction clarifie d. Recent results have not 

C r n n° 8 anv Son between this supennduction and the 
sh °r RKA level It is probable that post-transcriptiona 

0DC > of" ODC could intervene in this mechanism and 
regulation ODC ^ ^ ^ t0 

inC uTtLe SHE cell transformation assays, recent data have 
, repeated treat.nents with DEHP alone may increase 
Sh ° !f!Sn frequency, moreover this was higher when 
%%tZ a. 2 initiation stage followed by promoter 
S ^VCmdani and P.Vasseur, manuscript in preparation). 
TP Our result clearly showed that the ODC supennduction m 
sta ^ P ld SHeU to DEHP .nd J^ed w,h 

a " ^,25^Tci n £5 oncoprotein, which is 
TZn to blcSSe apoptouc process. Such apoptosis .nh.b.t.on 
JTbeen ported with non-genotox,c carcinogens 44). 
Ka S feno n ^example inhibited apoptos.s in primajy «, ures 
f rnt henatocytes, in Reuber hepatoma cell line FaO (45) and 
ofrathepatocyte inhibitory pattern was 

"! l 'r ed m hi Itudv w th genotoxic carcinogen BaP in the 
two^age tr a ment The discrepancy appeared when non- 

two-stage Llca Ap used in the same stage- 

ZS^JS^ L**^ apoptosis although .t did 
no^pe induce ODC activity. Although exposing SHE ceUs 
r the exogenous poly amines, putrescine, spermidine and 
"Id not exhibit any inhibitory effect on apoptos.s 
important to measure the uptake rate of polyam.nes by 

apop S. could intervene in the mechanism of action o 
carcinogens Two possible interaction pathways are that 
,) Tcrease of apoptosis rate may be an early and prerequisite 
event [nTe firsi sfage of cancer induction, and (n) apoptos.s 
nhibi "on may represent a primary cell reaction to various 
tmkals that" is reflected by Bcl-2 tZ osh 

the same stage-exposure to chem.cals the o h ^r poptos 
inhibitor Bcl-x, protein was not increased. It is probable urn 
motion to ^specificity, the ^ ^ay cc^d n« 
the target for carcinogenic chemicals in SHE cell system, in 
any cafe he two events, ODC supennduction and inhibition 
of aooptosis via Bcl-2 upregulation, seem to be essential for 
the Kpment of carcinogenesis. One event only may not 
be sufficient with the non-carcinogenic compound AF. 

In llo experiments designed to assess carcinogenic potential 
of DEW gave Contradictory results, this could be due to some 
S observed in experimental protocol^ 2-year ^d. 
where DEHP was fed to F344 rats and B6C3F1 mice, tne 
ctpou'nfsignihcantly increased ^ 

cellular carcinomas and adenomas in both sexes of «ts jn^ 
mirP (A 47 48) The authors considered DEHP as a complete 
^n! m that it acted both as initiator and promo,. In 
two-stage hepatocarcinogenesis studies DEHP did not exmtnt 
anv promot ng action. Surprisingly, no initiating activity wa 
found when DEHP was administered in the first stage followed 
^a pronation regimen (12). In two-stage rat rena^orv 
genesis DEHP was found to act as a tumor promoter and 
enhanced the carcinogenic action on renal tubules of N-ethyl- 



N-hydroxyethyl nitrosamine (49). Other authors could not find 
any promoting effect of DEHP on the urinary bladder of rats 
initiated first with N-but y l-/V(4-hydroxybutyl) nitrosamine 50). 
The carcinogenesis mechanism of DEHP was extensively 
studied with several short-term in vivo assays. Identification 
of foci of cellular alteration in rat liver by multiple histo- 
chem al stains could not emphas.ze the promoting and the 
noting activity of DEHP (12). In a 24-week a,say has ed on 

Eher^ 

(GGT) However these hepatic foci were morphologically and 
b^EnSTy heterogeneous, also GOT -s not regu ady 
expressed in preneoplastic and neoplastic les.ons of rats fed 
wkh peroxisome proliferators (48-51). The select.on of the 
SLtin agent may intervene in hepatocellular responses to 
PPs SdS in which rats were initiated with diethylmtros- 
I ne (DEN) and fed DEHP in the second stage, indicated 
mat DEHP inhibited rather than promoted the formation , of 

wfth DEN and that they were inactive if 2-acetylaminofluorene 

wns used at the initiation stage (52). 

Tali-term assay using the SHE cel. system. ,t hastaen 
reported that one-step treatment w.th DEHP (48 i h) weakly 
increased morphological transformation frequency. This was 

nhated whe? rat liver ^^^.^S^. 
added to the medium (53). In the standard I SHE . cdl transform 
ition assay three applications ot DEHP alone or untir 
followed by TPA increased the number of transformed colon- 
In contrast when SHE cells were pre-exposed to the initiator 
c arc^nogen B aP (0.40 uM, followed by DEHP at . e p— 
stage the transformation frequency did not change, ine 
r suhs obtained with two-stage-exposure expenmentt ODC 
supennduction and apoptosis inhibition ^^ftZrll 
ation led to a high rate of transformed colonies and argues 
for DEHP action at the initiation stage of the carcinogenic 
procS However, in the classic interpretation o f*e .combined 
action of the initiation-promotion protocol, the m.t.a or ,s 
Presumed to induce the format.on of rare mutated or altered 
c Us Here the contnbut.on of DEHP appears not to be at the 
evel of rare events, but at the level of behavior modification 
of me whoTe SHE cell population. That complete carcinogen 
n e iclt not solely pure^t.at.ng effects is a widely -kno^ 
ledged theory, and this seems to be valid tor DE "f ct ™ 
cannot be considered a genotoxic carc.nogen m the strict sense 

of the word. 
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